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[57] ABSTRACT 
A Polarization-Sensitive Shear Wave Transducer 
Structure utilizes a 4 part MuSLE electrode formed on " 
a top surface of a dilithium tetraborate (Li2B4O7) sub— 
strate that acts as a transducer forming a body. Elec 
trode gaps of the MuSLE electrode are aligned along 
the X1’ and X3’ axes of the dilithinm tetraborate sub 
strate. The substrate orientation is chosen along the 
degeneracy locus occurring in the primitive region 
between the end points (YXl) 19° and (YXw) 27°. The 
body is bonded to a test object and segments of the 
MuSLE electrode are coupled to a power source allow 
ing an excitation voltage to create a lateral-?eld driving 
a shear wave of selectable polarization. The segments of 
the MuSLE electrode can also be coupled to a means 
for detecting a voltage allowing a shear wave incident 
on the transducer to be detected. In another embodi 
ment, the dilithinm tetraborate substrate may be ori 
ented in proximity to the degeneracy locus allowing the 
generation of orthogonally polarized shear waves of 
two distinct frequencies. Also disclosed is a method of 
making a Polarization Sensitive Shear Wave Trans 
ducer Structure by forming a 4 part MuSLE electrode 
on the top surface of a piezoelectric substrate that acts 
as a transducer to form a body that is bonded to a test 
object and coupled to a power source allowing an exci 
tation voltage to excite an arbitrarily polarized shear 
wave. 

17 Claims, 7 Drawing Sheets 
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POLARIZATION-SENSITIVE SHEAR WAVE 
TRANSDUCER 

GOVERNMENT INTEREST 

The invention described herein may be manufac 
tured, used and licensed by or for the Government of 
the United States of America for governmental pur 
poses without the payment to me of any royalties 
thereon. 

RELATED APPLICATION 

U.S. patent application Ser. No. 08/229,498 entitled 
“Crystal Resonator with Multiply Segmented Lateral 
Field Excitation (MuSLE) Electrodes,” which has been 
partially assigned to the same assignee, is about to be 
?led with the Patent And Trademark Of?ce, and is 
related to this application. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to the ?eld of Piezo 

electric Transduction. More particularly, this invention 
relates to the ?eld of Shear Wave Piezoelectric Trans 
ducers by providing an apparatus and method for pro 
ducing polarized shear waves. 

2. Description of the Prior Art 
Piezoelectric transducers are well known devices 

having broad applications in the ?elds of non-destruc 
tive test and evaluation, medical ultrasound and materi 
als characterization. Such transducers are employed in 
the generation and detection of acoustic waves in vari 
ous media. Piezoelectric transducers can be used to 
produce both longitudinal and shear waves, with the 
latter case being of interest here. 
An acoustic shear wave is characterized by particle 

displacements perpendicular to the direction of wave 
propagation, and is used in numerous types of piezoelec 
tric resonators and transducers. It has been long recog 
nized that the typical shear wave transducer creates in 
the test object to which the transducer is affixed a sin 
gle, ?xed polarization shear wave response at a given 
operating frequency. In order to change the polariza 
tion of the shear wave in the test object, a transducer 
must be physically removed from the test object, and 
then reoriented onto the test object and subsequently 
rebonded to it. The well-known requirements of re 
moval, reorienting and rebonding a transducer to a test 
object are disadvantageous because test results obtained 
at various polarizations are compromised by the degree 
to which the bonding procedure is not precisely repli 
cated. The compromising of test results because of the 
limitations of currently available technology has long 
been understood as a heretofore unavoidable major 
limitation and an undesirable cost factor. 
Those concerned with the development and testing 

of ultrasonic test and measurement systems have long 
recognized the need for a structure which has the ad 
vantages of improving the accuracy of the ultrasonic 
tests by eliminating the uncertainties associated with the 
rebonding procedure, as well as reducing operational 
costs and complexities associated with that rebonding 
process. This structure not only has the advantages 
arising from the elimination of rebonding, but also has 
the additional advantages of allowing simultaneous 
measurement of two (2) polarizations. Heretofore, si 
multaneous measurement of two (2) polarizations re 
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2 
quired the use of two (2) separate transducers. This 
invention does not suffer from that disadvantage. 
The present invention ful?lls this need by providing a 

Polarization-Sensitive Shear Wave Transducer struc 
ture having a MuSLE electrode formed on a substrate 
with the substrate orientation chosen such that orthogo 
nal shear-wave polarizations are excited by orthogonal 
lateral-?eld excitations, thus forming a body that is 
placed on a test object thereby allowing selective exci 
tation of polarized shear waves. 
Examples of dilithium tetraborate plate resonators 

and transducers may be found in the following refer 
ences: 

R. W. Whatmore and I. M. Young, U.S. Pat. No. 
4,634,913, entitled “Application of Lithium Tetraborate 
to Electronic Devices,” issued Jan. 6, v1987; 
A. Ballato and J. Kosinski, U.S. Pat. No. 4,950,937, 

“Method of Making a Resonator from a Boule of Lith 
ium Tetraborate and Resonator So Made,” issued Aug. 
21, 1990; 
A. Ballato and J. Kosinski, U.S. Pat. No. 4,990,818, 

“Method of Making a Transducer from a Boule of Lith 
ium Tetraborate and Transducer So Made,” issued Feb. 
5, 1991; 

C. D. J. Emin and J. F. Werner, “The Bulk Acoustic 
Wave Properties of Lithium Tetraborate,” Proceedings 
of the 37th Annual Frequency Control Symposium, 
June 1983; 

R. C. Peach, C. D. J. Emin, J. F. Werner and S. P. 
Doherty, “High Coupling Piezoelectric Resonators 
Using Lithium Tetraborate,” IEEE Ultrasonics Sympo 
sium Proceedings, October-November 1983; 
M. Adachi, T. Shiosaki, H. Kobayashi, O. Ohnishi 

and A. Kawabata, “Temperature Compensated Piezo 
electric Lithium Tetraborate Crystal for High Fre 
quency Surface Acoustic Wave and Bulk Wave Device 
Applications,” IEEE Ultrasonics Symposium Proceed 
ings, October 1985; 
A. Ballato, J. Kosinski and T. Lukaszek, “Lateral 

Field Temperature Behavior of Lithium Tetraborate,” 
IEEE Ultrasonics Symposium Proceedings, October 
1989; 
A. Ballato, J. Kosinski and T. Lukaszek, “Lithium 

Tetraborate Transducers,” IEEE Transactions on Ul 
trasonics, Ferroelectrics and Frequency Control, Vol. 
38, No. 1, January 1991; 

J. Kosinski, A. Ballato and Y. Lu, “Measured Proper 
ties of Doubly-Rotated Dilithium Tetraborate (LizB 
407) Resonators and Transducers,” IEEE Transactions 
on Ultrasonics, Ferroelectrics and Frequency Control, 
Vol. 40, No. 2, March 1993; and 

J. Kosinski, “Pure Mode Loci for Dilithium Tetrabo 
rate Piezoelectric Resonators and Transducers,” Ph.D. 
Dissertation, Rutgers University, May 1993. 

Further, the MuSLE electrode arrangement de 
scribed herein may also be found in: 

Related application Ser. No. 08/229,498 Kosinski, 
Ballato, and Lu entitled “Crystal Resonator with Multi 
ply Segmented Lateral-Field Excitation (MuSLE) 
Electrodes,” which has been partially assigned to the 
same assignee, wherein I am a coinventor. 
The term “plate resonator” as used herein is de?ned 

as a structure wherein the lateral dimensions are much 
larger than the thickness and is considered to encom 
pass not only planar plates, but also plates with a curva 
ture that is appropriate to the ultrasonic imaging task 
being considered, as well as other shapes and geome 
tries. 
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SUMMARY OF THE INVENTION 

It is an object of this invention to provide a Polariza 
tion-Sensitive Shear Wave Transducer Structure 
wherein a single, mechanically ?xed piezoelectric trans 
ducer structure produces shear waves with an adjust 
able polarization. 

It is a primary object of this invention to provide a 
single, mechanically ?xed piezoelectric transducer 
structure producing shear waves with maximum trans 
ductions. 

It is a another object of this invention to provide a 
single, mechanically ?xed piezoelectric transducer 
structure producing shear waves by means of lateral 
?eld excitation. 

It is also an object of this invention to provide for a 
method for producing arbitrarily polarized shear waves 
with a mechanically ?xed transducer structure. 
To attain these objects, the present invention contem 

plates making advantageous use of a MuSLE electrode 
and a dilithium tetraborate substrate to form a structure 
placed on a test object for the purpose of creating or 
detecting an acoustic shear wave in the test object. 
The present invention ful?lls this need by providing a 

Polarization-Sensitive Shear Wave Transducer struc 
ture having a MuSLE electrode formed on a dilithium 
tetraborate (Li2B4O7) substrate forming a body placed 
on a test object allowing selective excitation of a polar 
ized shear wave. More speci?cally, the present inven 
tion is directed to a Polarization-Sensitive Shear Wave 
Transducer structure having a 4 part MuSLE electrode 
formed on a dilithium tetraborate substrate, the MuSLE 
electrode gaps being oriented along the rotated crystal 
lographic axes of the dilithium tetraborate substrate, 
thereby forming a body which is then attached to a test 
object with segments of the MuSLE electrode of the 
body being coupled to a means for generating an excita 
tion voltage wherein a lateral-?eld excitation excites a 
polarized shear wave. Although the preferred embodi 
ment contemplates using a 4 part MuSLE electrode 
along with a dilithium tetraborate substrate, the scope 
of this invention is not intended to be limited by either 
the 4 part MuSLE electrode or the dilithium tetraborate 
substrate, as other types of MuSLE electrodes or sub 
strates with the correct orientations and characteristics 
may also be advantageously utilized in this invention. 
The Polarization-Sensitive Shear Wave Transducer 

structure of the present invention can be used in the 
?elds of non-destructive test and evaluation, medical 
ultrasound technology and materials evaluation. Simi 
larly, the present invention may also be used whenever 
it would be advantageous to change the polarization of 
the shear wave, and avoid physically removing the 
transducer from the test object and subsequently reori 
enting and rebonding to the test object. 

In general, the present invention is a structure provid 
ing a MuSLE electrode, having a plurality of segments 
and at least three (3) electrode gaps, formed upon a 
dilithium tetraborate substrate, the electrode gaps of the 
MuSLE electrode being aligned along the rotated crys 
tallographic axes of the dilithium tetraborate substrate. 
The forming of the MuSLE electrode on the dilithium 
tetraborate substrate forms a body that is then attached 
to a test object, said segments of the MuSLE electrode 
of the body being coupled to a means for generating an 
excitation voltage in order to create a lateral-?eld exci 
tation voltage to excite a polarized shear wave. 
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4 
In the preferred embodiment, a 4 part MuSLE elec 

trode is provided having electrode gaps aligned along 
X1’ and X3’ axes of a dilithium tetraborate substrate. 
The dilithium tetraborate substrate acts as a plate reso 
nator, having an upper surface, a lower surface, a set of 
segments which act as electrical terminals, an outer 
edge, a center portion and said plurality of electrode 
gaps forming a body. Said dilithium tetraborate sub 
strate exhibits degenerate shear modes by choice of a 
substrate orientation along the degeneracy locus, said 
locus occurring in the primitive region between the end 
point orientations (YXl) 19° and (YXw) 27°. The body 
is bonded to a test object, and shear waves are produced 
by coupling said segments to a means for generating an 
excitation voltage in order to create a lateral-?eld exci 
tation in either the X1’ axis direction that excites an X1’ 
polarized shear wave, the X3’ axis direction that excites 
an X3’ polarized shear wave, or any combination 
thereof. In a similar fashion, the preferred embodiment 
is used for shear wave detection by coupling said seg 
ments to a means for detecting rather than generating an 
excitation voltage. 

In this and other embodiments of this invention, vari 
ous orientations along the degeneracy locus will exhibit 
different polarized shear wave driving characteristics 
allowing the choice of substrate orientation to be tai 
lored for speci?c applications. Additionally, substrate 
orientations near, but not exactly on, the degeneracy 
locus also exhibit useful properties. These variations of 
substrate orientation as regards being on, or near, the 
degeneracy locus are considered to be within the scope 
of this disclosure and the appended claims, and will be 
further described below. 

Similarly, substrates other than a dilithium tetrabo 
rate substrate may be utilized as a plate resonator, exhib 
iting very similar characteristics with respect to the 
propagation of polarized shear waves in the X1’ axis, X3’ 
axis, or any combination thereof. Such other substrates 
are also considered to be within the scope of this disclo 
sure and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully appreciated from 
the following detailed description when the same is 
considered in connection with the accompanying draw 
ings in which: 
FIG. 1 is a graph useful in understanding that dili 

thium tetraborate (Li2B4O7) piezoelectric material has a 
locus in the primitive region with end points (YXl) 19° 
and (YXw) 27° along which shear modes are degener 
ate. 

FIG. 2 is a graph useful in understanding that a (YXl) 
l9.3455° orientation utilized in the preferred embodi 
ment has degenerate shear modes which are driven by 
orthogonally directed lateral-?eld excitation compo 
nents. 
FIGS. 3A and 3B are a top and perspective view of 

the 4 part MuSLE electrode, respectively, illustrated in 
all embodiments of this invention. 
FIGS. 4A and 4B show two (2) graphs useful in un 

derstanding the lateral-?eld excitation piezoelectric 
coupling coef?cient (known as k) for a dilithium tetra 
borate substrate where the angle of the electric ?eld, ‘I’ 
is 0° in FIG. 4A, and \II is 90° in FIG. 4B. 
FIGS. 5A and 5B are an exploded perspective view 

and a perspective/diagrammatic view, respectively, of 
the preferred embodiment. 
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FIGS. 6A-6D show an exploded perspective view, a 
perspective/ diagrammatic view and two (2) schematic 
views, respectively, of another embodiment of this in 
vention, showing two lateral-?eld excitation driving 
voltage arrangements, with the driving ?elds parallel to 
the X1’ and X3’ axes, respectively. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

Referring now to the drawings, FIG. 1 is a graph 
showing that dilithium tetraborate (Li2B4O7) Piezoelec 
tric material has a locus in the primitive region with end 
points at orientations (YXl) 19° and (YXw) 27° along 
which shear modes are degenerate, which means they 
have equal wave velocities. This locus also possesses 
the useful property that shear modes may be driven by 
lateral-?eld excitation such that the maximum excita 
tion for one shear mode corresponds to a minimum 
excitation of the other shear mode. In other words, the 
shear waves have an inverse relationship where lateral 
?eld excitation is concerned. 

Because the polarizations of the shear wave particle 
displacement are orthogonal and because of the inverse 
relationship between maximum and minimum lateral 
?eld excitation, a dilithium tetraborate substrate with 
orientations along the particular locus between the ori 
entation (YXl) 19° and (YXw) 27" makes possible the 
polarization-sensitive shear transducer that is the pre 
ferred embodiment of this invention. It is noted that 
transducer substrates comprised of other materials are 
also within the scope of the disclosure and claims of this 
invention, as described more fully below. The preferred 
embodiment will be also described in greater detail 
further below. 
The FIG. 2 graph illustrates that a (YXl) 19.3455° 

orientation has degenerate shear modes which are 
driven by orthogonally directed lateral-field excitation 
components. In this orientation the degenerate shear 
modes travel with a wave velocity of 4476.30 meters 
per second. In the FIG. 2 graph, the shear mode polar 
ized along the X1’ axis is a pure-mode shear wave. By 
contrast, the shear mode polarized along the X3’ axis is 
a quasi-shear mode, that is within 1° of being a pure 
mode. Generally speaking, the primary difference be 
tween a pure-mode shear wave versus the quasi-shear 
mode is that the pure-mode shear waves have particle 
displacements orthogonal to the wave propagation di 
rection, while the quasi-shear mode does not have parti 
cle displacement orthogonal to the wave propagation 
direction. The difference between the behavior of the 
pure and quasi-shear modes is insigni?cant for small 
angular deviations as shown in the preferred embodi 
ment. The X1’ polarized pure-mode is driven by lateral 
?eld excitation along the X1’ axis where ‘11, which is the 
angle of the electric field,‘ equals 0°. The X3’ polarized 
quasi-shear mode is driven by lateral-?eld excitation 
along the X3’ axis where ‘11 equals 90°. Because of these 
properties, a Polarization-Sensitive Shear Wave Trans 
ducer is feasible when an electrode capable of produc 
ing a lateral-?eld excitation of either 0° or 90° is dis 
posed on a substrate with the appropriate orientation 
characteristics and utilized as a transducer. The Multi 
ply Segmented Lateral Field Excitation (“MuSLE”) 
electrode, has these capabilities and is an integral ele 
ment of this invention. 
FIGS. 3A and 3B show a top and a perspective view, 

respectively, of the 4 part MuSLE electrode, which will 
be described in greater detail along with the preferred 

5 

25 

35 

50 

55 

65 

6 
embodiment further below. Other con?gurations of the 
MuSLE electrode, when combined with a substrate 
having the appropriate orientation characteristics may 
also be advantageously utilized, and are considered to 
be within the scope of the disclosure and the appended 
claims of this invention. 

Referring now to FIGS. 4A and 4B, there are two 
graphs showing the lateral-?eld excitation piezoelectric 
coupling coef?cient (known as k) as a function of sub 
strate orientation angle of a rotated Y-cut dilithium 
tetraborate substrate where ‘I’, which is the angle of the 
electric ?eld is 0° in FIG. 4A, and \I/ in FIG. 4B is 90°. 
FIGS. 4A and 4B show that minimum lateral-?eld exci 
tation piezoelectric coupling occurs for orientations 
where 0 approaches 0° while the largest piezoelectric 
coupling occurs when 0 approaches 90°. The FIGS. 4A 
and 4B graphs demonstrate that all orientations for 
0>0° along the degeneracy locus are useful in terms of 
piezoelectric coupling, even if the orientations exhibit 
lower than the maximum coupling along the degener 
acy locus occurring near the (YXl) 19° orientation of 
the preferred embodiment. Additionally, the FIGS. 4A 
and 4B graphs show the possible transduction values 
utilized for other embodiments of this invention. 
FIGS. 3A and 3B show a top and a perspective view, 

respectively, of a 4 part MuSLE electrode 10, having 
four (4) segments 11, 12, 13 and 14, respectively in a 
clockwise direction, orthogonally disposed to one an 
other and a plurality of gaps 15, 16, 17 and 18, respec~ 
tively, separating said segments 11, 12, 13 and 14 where 
they appear to intersect at the center portion 19 of the 
electrode 10. The MuSLE electrode 10 is illustrated as 
formed on a plate resonator 21 comprising a generic 
substrate in this drawing, with an outer edge 20, upper 
surface 22 and a lower surface 23. A MuSLE electrode 
is provided in all embodiments of this invention, and 
even though a 4 part MuSLE electrode is depicted in 
FIGS. 3A and 3B, a MuSLE electrode with a greater or 
lesser number of segments is considered to be within the 
scope of this disclosure and the appended claims. 
FIGS. 5A and 5B are an exploded perspective view 

and a perspective/diagrammatic view, respectively, of 
the preferred embodiment of this invention, where a 4 
part MuSLE electrode 30 is provided, having a piezo 
electric substrate 43 with predetermined coordinate 
axes acting as a plate resonator, four (4) segments 31, 32, 
33 and 34, respectively in a clockwise direction, dis 
posed on said piezoelectric substrate 43, a top surface 
35, a lower surface 36, a plurality of electrode gaps 37, 
38, 39, and 40, respectively in a clockwise direction, an 
outer edge 41, and a center portion 42. Each of the 
segments 31, 32, 33 and 34 are orthogonally disposed to 
one another and point inward toward the center portion 
42 of the piezoelectric substrate 43 and are separated at 
the center portion 42 by a plurality of electrode gaps 37, 
38, 39 and 40, respectively. In the preferred embodi 
ment, said piezoelectric substrate 43 with predeter 
mined coordinate X1’ axis 44 and an X3’ axis 45 is con 
structed of dilithium tetraborate (Li2B4O7). Said dili 
thium tetraborate substrate 43 being a transducer and 
also having an orientation along the degeneracy locus 
occurring in the primitive regions with end points (YXl) 
19° and (YXw) 27° as shown on FIG. I. Said electrode 
gaps 37, 38, 39, and 40, respectively, are aligned along 
said crystallographic X1’ axis 44 and X3’ axis 45 of the 
dilithium tetraborate substrate 43. Disposing said seg 
ments 31, 32, 33 and 34 in this manner on said dilithium 
tetraborate substrate 43 forms a body 50. Said body 50 
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being bonded to a test object 51 and an appropriate 
number of said segments, for example 31 and 34, being 
coupled to a means for generating an excitation voltage, 
generally indicated schematically in FIG. 5B by box 52, 
where for purposes of illustration a lateral-?eld excita 
tion in the X1’ axis 44 direction excites an X1’ polarized 
shear wave. 
FIGS. 6A-6D show an exploded perspective view, a 

perspective/ diagrammatic view and two (2) schematic 
views, respectively, of another embodiment of this in 
vention, indicating a structure that will generate, re 
spectively, either X1’ or X3’ polarized shear waves, 
through the choice of connection between the electrode 
segments and the means for generating an excitation 
voltage. In this embodiment, which provides the same 
basic con?guration as shown in FIGS. 5A and 5B, as 
depicted in FIG. 6A, a 4 part MuSLE electrode 70 is 
provided, having a piezoelectric substrate 83, with pre 
determined coordinate axes acting as a plate resonator, 
four (4) segments 71, 72, 73 and 74, respectively in a 
clockwise direction, being disposed on said piezoelec 
tric substrate 83. Said piezoelectric substrate 83, having 
a top surface 75, a lower surface 76, a plurality of elec 
trode gaps 77, 78, 79, and 80, respectively in a clockwise 
direction, an outer edge 81, and a center portion 82. 
Each of said segments 71, 72, 73 and 74 are orthogo 
nally disposed to one another on the top surface 73 and 
point inward toward the center portion 82, where each 
of said segments 71, 72, 73 and 74, respectively, are 
separated at the center portion 82 by said plurality of 
electrode gaps 77, 78, 79 and 80, respectively. In this 
embodiment, said piezoelectric substrate 83 with prede 
termined coordinate X1’ axis 84 and an X3’ axis 85 is 
constructed of dilithium tetraborate (Li2B4O7). Said 
piezoelectric substrate 83 being a transducer and also 
having an orientation near the degeneracy locus occur 
ring in the primitive regions with end points (YXl) 19° 
and (YXw) 27°. Said electrode gaps 77, 78, 79, and 80, 
respectively, being aligned along the crystallographic 
X1’ axis 84 and X3’ axis 85 of the dilithium tetraborate 
substrate 83. Forming said segments 71, 72, 73 and 74 
and said electrode gaps 77, 78, 79, and 80, in this manner 
on said dilithium tetraborate substrate 83 forms a body 
90, said body 90 being bonded to the test object 91. 
FIG. 6B is a perspective/diagrammatic view of this 
embodiment coupled to a means for generating an exci 
tation voltage, generally indicated schematically as box 
92. 

In operation and in taking said segments 71 and 74 as 
a pair and said segments 72 and 73 as another pair, as 
shown in FIG. 6C, said segments 71 and 74 are coupled 
to a means for generating an excitation voltage, gener 
ally indicated schematically in FIGS. 6B and 60 as box 
92, and the excitation voltage is applied to the Polariza 
tion~Sensitive Shear Wave Transducer structure creat 
ing a lateral-?eld excitation along the X1’ axis 84 direc 
tion that excites a X1’ polarized shear wave. Similarly, 
in operation and in taking said segments 71 and 72 as a 
pair and said segments 73 and 74 as another pair, as 
shown in FIG. 6D, said segments 71 and 72 are coupled 
to said means for generating an excitation voltage, gen 
erally indicated schematically as box 92 in FIGS. 6B 
and 6D, and the excitation voltage is applied to the 
Polarization-Sensitive Shear Wave Transducer struc 
ture creating a lateral-?eld excitation along the X3’ axis 
85 direction that excites a X3’ polarized shear wave. 

In both the preferred and other embodiments, the top 
surface of the substrate may be ?at or curved, in the 
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form of a wafer, or in an annular or disc shape. Further, 
the electrode gaps may either be aligned along the X1’ 
and X3‘ axes, or near those axes. The MuSLE electrode 
must have at least three (3) segments, and may have four 
(4), six (6) or more segments. The segments may be in a 
generally linear structure extending from the center 
portion of the substrate to its outer edge. Additionally, 
this invention may also include combining a number of 
MuSLE electrodes in different con?gurations such as, 
by way of example, disposing a plurality of MuSLE 
electrodes on top of each other when forming the body. 
Further, in both the preferred and other embodiments, 
the segments may be formed on the top surface of the 
substrate by any deposition technique such as, by way 
of example, electroplating, using a vacuum evaporation 
chamber or electron beam evaporation. Additionally, 
the body may be bonded to the test piece using an adhe 
sive. Though a dilithium tetraborate piezoelectric sub 
strate with a particular orientation is disclosed as the 
preferred embodiment, both tetraborate sub 
strates with other orientations, as well as other piezo 
electric substrates with a suitable orientation, may also 
be advantageously employed in accordance with this 
invention and are considered to be within the scope of 
this disclosure and the appended claims. 

Finally, the structures of both the preferred and other 
embodiments of this invention can be advantageously 
employed to not only excite polarized shear waves, but 
also to detect and measure polarized shear waves as 
they travel through a medium. 
The present invention also encompasses a method of 

making a Polarization-Sensitive Shear Wave Trans 
ducer (PSST), utilizing the previously described con?g 
urations which comprises the steps of forming a 
MuSLE electrode by depositing a plurality of electrode 
segments on a piezoelectric substrate with predeter 
mined coordinate axes, forming said MuSLE electrode 
with said electrode segments being separated by a plu 
rality of electrode gaps, said piezoelectric substrate 
being a transducer, aligning the electrode gaps to inter 
sect the predetermined X1’ and X3’ axes of the piezo 
electric substrate, thereby forming a body, bonding said 
body to a test object and coupling a pair of segments to 
a means for generating an excitation voltage in order to 
create either a lateral-?eld excitation in the X1’ axis 
direction that will excite an X1’ polarized shear wave, a 
lateral-?eld excitation in the X3’ axis direction that will 
excite an X3’ polarized shear wave or a combination of 
lateral-?eld excitation in the X1’ and X3’ directions that 
will excite a shear wave of arbitrary polarization, or 
coupling a pair of segments to a means for detecting 
lateral-?eld excitation voltages produced by incident 
shear waves. 
The method of this invention may also include form 

ing the top surface of the substrate to be ?at or curved, 
forming the substrate in the shape of a wafer, or in an 
annular or disc shape. Further, the electrode gaps may 
be either aligned along the X1’ and X3’ axes or near 
those axes, the MuSLE electrode must be formed with 
at least three (3) segments, and may be formed with four 
(4), six (6) or more segments. The segments may be 
formed to extend from the center-portion of the sub 
strate to its outer edge in a generally linear manner or to 
be combined in different ways. Additionally, the 
method of this invention may also include combining a 
number of MuSLE electrodes in different con?gura 
tions such as, by way of example, disposing a plurality 
of MuSLE electrodes on top of each other when form 
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ing the body. Further, the segments may be formed on 
the top surface of the substrate by any deposition tech 
nique such as, by way of example, electroplating, using 
a vacuum evaporation chamber or electron beam evap 
oration. Further, the body may be bonded to the test 
piece using an adhesive. Though a dilithium tetraborate 
piezoelectric substrate with a particular orientation is 
disclosed as the piezoelectric substrate utilized in the 
method of this invention, both dilithium tetraborate 
substrates with other orientations, as well as other pi 
ezoelectric substrates with a suitable orientation may 
also be advantageously employed in accordance with 
the method of this invention and are considered to be 
within the scope of this disclosure and the appended 
claims. 

Finally, the method of this invention can be advanta 
geously employed to not only excite polarized shear 
waves, but also to detect and measure polarization shear 
waves as they travel through a medium. 

Accordingly, having shown and described what is at 
present considered to be the preferred and several em 
bodiments of this invention, it should be understood 
that the same has been shown by way of illustration and 
not limitation. It should be understood, of course, that 
the foregoing disclosure relates only to a small number 
of preferred embodiments and that numerous modi?ca 
tions or alterations may be made therein without depart 
ing from the spirit and scope of the inventions as set 
forth in this disclosure and the appended claims. All 
modi?cations, alterations and changes coming within 
the spirit and scope of the invention are hereby meant to 
be included. 
What I claim is: 
1. A Polarization-Sensitive Shear Wave Transducer 

Structure comprising: 
a piezoelectric plate substrate, being a transducer, 
having a top surface, a bottom surface, predeter 
mined X1’ and X3’ axes, and a substrate orientation 
along a shear wave degeneracy locus, said axes 
being at right angles to each other; 

a Multiply Segmented Lateral-Field Excitation 
(MuSLE) electrode, having a plurality of segments 
disposed on said top surface of the substrate to 
form a body, said segments being mutually sepa 
rated by a plurality of electrode gaps; 

said electrode gaps being aligned along said X1’ and 
X3’ axes of the substrate; 

means for bonding said body to a test object; and 
means for generating an excitation voltage across said 

segments wherein a lateral-?eld excitation voltage 
along one of said preselected axes generates a cor 
respondingly polarized acoustic shear wave. 

2. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 1, further comprising said 
top surface of the substrate being ?at. 
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3. A Polarization-Sensitive Shear Wave Transducer ' 
Structure as recited in claim 2, further comprising said 60 strate being 
substrate being in the form of a wafer. 
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4. A Polarization-Sensitive Shear Wave Transducer 

Structure as recited in claim 3, further comprising said 
substrate being in the form of a disc. 

5. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 4, further comprising said 
body being bonded to said test object by an adhesive. 

6. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 5, further comprising said 
substrate orientation being in proximity to said shear 
wave degeneracy locus. 

7. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 5, further comprising said 
MuSLE electrode having at least three segments. 

8. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 5, further comprising said 
MuSLE electrode having four segments. 

9. A Polm-ization-Sensitive Shear Wave Transducer 
Structure as recited in claim 5, further comprising said 
MuSLE electrode having six segments. 

10. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 8, which comprises: 

said substrate having an outer edge and a center por 
tion; 

said segments being in a generally linear shape ex 
tending radially from said center portion to said 
outer edge of the substrate; and 

said substrate orientation being preselected relative to 
said axes. ' 

11. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 10, further comprising 
generating said lateral-?eld excitation voltage along 
said X1’ axis to generate said correspondingly polarized 
acoustic shear wave. 

12. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 11, further comprising 
coupling means for detecting voltage to said segments 
wherein’an electrical ?eld detected in said X1’ axis di 
rection detects an X1’ polarized shear wave. 

13. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 10, further comprising 
generating said lateral-field excitation voltage along 
said X3’ axis to generate said correspondingly polarized 
acoustic shear wave. . 

14. APolarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 13, further comprising 
coupling means for detecting voltage to said segments 
wherein an electrical ?eld detected in said X3’ axis di 
rection detects an X3’ polarized shear wave. 

15. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 10, further comprising 
generating said lateral-?eld excitation voltage simulta 
neously along said X1’ and X3’ axes to generate said 
correspondingly polarized acoustic shear waves. 

16. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 10, further comprising said 
substrate being dilithium tetraborate (Li2B4O7). 

17. A Polarization-Sensitive Shear Wave Transducer 
Structure as recited in claim 16, further comprising said 
substrate orientation of the dilithium tetraborate sub 

(YXl) l9.3455°. 
$ * * 


